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1
WAVE GENERATOR FOR WAVE GEAR
DEVICE

TECHNICAL FIELD

The present invention relates to a wave gear device, and in
particular to a roller-type wave generator for causing a flex-
ible externally toothed gear to engage with a rigid internally
toothed gear, the externally toothed gear being flexed into an
ellipsoidal shape by a plurality of rollers.

BACKGROUND ART

Six-roller-type wave generators for wave gear devices are
known in the art. Wave generators of this type are provided
with six rollers for causing the flexible externally toothed gear
of the wave gear device to be flexed into an appropriate
ellipse-like shape. One pair of these rollers is arranged in
symmetrical positions on the long axis of the ellipse-like
shape, and the remaining two pairs of rollers are arranged so
asto bein linear symmetry inrelation to the long axis between
the long axis and short axis of the ellipse-like shape. This type
of wave generator is disclosed in FIG. 3 of Patent Document
1.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP-A 2003-232411, paragraph 0026,
FIG.3

SUMMARY OF THE INVENTION
Problems the Invention is Intended to Solve

Traditionally, small-diameter rollers of the same size, i.e.,
rollers all having support bearings of the same size, have been
used in six-roller-type wave generators. The service life of a
wave gear device provided with a roller-type wave generator
is determined by the dynamic load rating of the roller support
bearing, and the rotation speed. Attention has not been paid to
improving the rolling fatigue life of roller-type wave genera-
tors, and no countermeasures have been proposed for that.

With the foregoing problems in view, it is an object of the
present invention to provide a roller-type wave generator of a
wave gear device aimed at improving rolling fatigue life.

Means for Solving the Problems

The present inventors directed their attention at a charac-
teristic load distribution arising in a wave generator during
load operation of a wave gear device, and based on this,
achieved an improvement of the rolling fatigue life of a roller-
type wave generator. Namely, in the wave gear device, the
distribution of load arising at each portion in the circumfer-
ential direction of the wave generator changes for each reduc-
tion ratio. Therefore, in the present invention, the size of each
of the roller support bearings is determined to match the
distribution of load in the wave generator.

Typically, the greatest load is the load acting on the pair of
rollers located on the long axis of the flexible externally
toothed gear flexed into an ellipse-like shape. Therefore, the
support bearings of the pair of rollers should be made larger
than the support bearings of rollers arranged in a position
other than on the long axis. This makes it possible to extend
the life of the rollers on the long axis, which bear a large load,
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allowing the life of the wave generator to be significantly
longer than when rollers of the same size are used, as in the
past.

In a case where the reduction ratio of a wave gear device is
a high reduction ratio, i.e., 80 or higher, the load acting on the
pair of rollers in the position on the long axis becomes par-
ticularly high compared to the load acting on the other two
pairs of rollers. Therefore, the wave generator according to
the present invention can make the service life of the wave
generator dramatically longer than the prior art when used in
a wave gear device with a reduction ratio of 80 or higher,
making it particularly effective.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic front view of a wave gear device in
which the present invention is used;

FIG. 2 is a schematic longitudinal sectional view of the
wave gear device in FIG. 1;

FIG. 3 isaperspective view of a wave generator of the wave
gear device in FIG. 1;

FIG. 4 is a graph that shows an example of a measurement
of'the state of distribution of loads arising in each position in
the circumferential direction of a wave generator during load
operation in a case when the reduction ratio of the wave gear
device shown in FIG. 1 is changed; and

FIG. 5 is a graph that shows the ratio (%) between the load
in each angular position relative to the long axis and the load
at the long-axis position in (a) a case when the reduction ratio
is 30, and (b) a case when the reduction ratio is 100.

MODE FOR CARRYING OUT THE INVENTION

Described below is an embodiment of a wave gear device
according to the present invention, made with reference to the
drawings.

Reference is made to FIGS. 1 to 3 in the following descrip-
tion. A wave gear device 1 according to this embodiment is a
“cup-type” device having an annular, rigid internally toothed
gear 2; a cup-shaped, flexible externally toothed gear 3
arranged on the inner side of the rigid, internally toothed gear
2; and a six-roller-type wave generator 4 arranged on the inner
side of the flexible externally toothed gear 3. The flexible
externally toothed gear 3 is flexed by the wave generator 4
into an ellipsoidal shape or a substantially ellipsoidal shape,
meshing with the rigid internally toothed gear 2 on the long
axis L1.

When the wave generator 4 is caused to rotate at high speed
by the motor (not shown), the meshing location of gears 2, 3
moves in a circumferential direction, and relative rotation
corresponding to a difference 2n (n being a positive integer) in
the number of teeth between gears 2, 3 occurs between gears
2, 3. The difference in number of teeth is typically assumed to
be 2; and if| e.g., the rigid internally toothed gear 2 is secured
s0 as not to rotate, the flexible externally toothed gear 3 will
rotate at a rotation speed that is dramatically lower than the
rotation of the wave generator 4 (input rotation), making it
possible to bring the reduced rotation speed out to the load
from the flexible externally toothed gear 3.

The rigid internally toothed gear 2 is provided with an
annular rigid member 21, and internal teeth 22 formed on the
round inner periphery of the rigid member 21. Bolt holes 23
are formed at designated intervals along the circumferential
direction of the rigid member 21, the bolt holes 23 passing
through the rigid member 21 in the direction of the device
centerline 1a.
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The cup-shaped flexible externally toothed gear 3 is pro-
vided with a cylindrical body 31 capable of flexing in a radial
direction, a diaphragm 32 connecting to a trailing edge of the
cylindrical body 31 and widening inward in the radial direc-
tion, and a thick-walled annular boss 33 formed continuously
with the inner peripheral edge of the diaphragm 32. Attach-
ment bolt holes 34 are formed on the boss 33 at designated
angular intervals in the circumferential direction. External
teeth 36 are formed on the outer periphery portion of the
cylindrical body 31 at the side of an opening edge 35 of the
cylindrical body 31.

A six-roller-type wave generator 4 is provided with a hol-
low input shaft 41; a support disk 42 coaxially secured to the
outer periphery of the hollow input shaft 41, or formed as an
integral part with the hollow input shaft 41; and six rollers 51
to 56 attached to the support disk 42. Rollers 51, 52 are a pair
of first rollers, arranged in point-symmetric positions in rela-
tion to the center (device centerline 1a) of the flexible exter-
nally toothed gear 3. Rollers 53, 54 are a pair of second rollers
similarly arranged in point-symmetric positions relative to
the center of the flexible externally toothed gear 3; and rollers
55, 56 are a pair of third rollers, also arranged in point-
symmetric positions relative to the center of the flexible exter-
nally toothed gear 3.

The pair of first rollers 51, 52 is positioned on the long axis
L1 of the ellipsoidally flexed flexible externally toothed gear
3, and is in contact with the internal peripheral surface 37 of
the flexible externally toothed gear 3 in a state where the
portion of the internal peripheral surface 37 on which the
external teeth 36 are formed in the flexible externally toothed
gear 3 is flexed outward. The pair of second rollers 53, 54 is
arranged in positions rotated a designated angle clockwise
from the long axis L1 between the long axis [.1 and the short
axis [.2, and is in contact with the internal peripheral surface
37 in a state where the portion of the internal peripheral
surface 37 on which the eternal teeth 36 is formed in the
flexible externally toothed gear 3 is flexed outward. Similarly,
the pair of third rollers 55, 56 is located in positions that are
bilaterally symmetrical with the pair of second rollers 53, 54
with respect to the long axis, and is in contact with the internal
peripheral surface 37 of the flexible externally toothed gear 3
in a state where the internal peripheral surface 37 of the
flexible external toothed gear 3 is flexed outward.

The first rollers 51, 52 are the same size, and support
bearings 51a, 524 for the rollers are the same size. The second
rollers 53, 54 and third rollers 55, 56 are the same size, and the
support bearings for those rollers are the same size. However,
the support bearings 51a, 52a for the first rollers 51, 52 are
larger than the support bearings for the second and third
rollers 53 to 56, and have a high dynamic load rating. When
the wave gear device 1 is in load operation, the sizes of the
rollers 51 to 56 in the first through third pairs are determined
on the basis of the load operating on each of the rollers 51
through 56.

Since rollers 51 through 56 sized to match the distribution
of loads in the wave generator 4 during load operation are
used in the wave gear device 1, the service life of the wave
gear device 1 can be efficiently improved. For example, in the
wave gear device 1 with a reduction ratio of 100 shown in
FIGS. 1 and 2, the calculated service life was confirmed to
approximately 2.2 times higher when rollers 51, 54 were 14
mm in diameter and the other rollers 53 through 56 were 12
mm in diameter, than when each of the rollers 51 through 56
of the wave generator 4 were all 12 mm in diameter.

FIG. 4 is a graph showing measurement examples of the
state of distribution of loads occurring in each position in the
circumferential direction on the wave generator 4 during load
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operation when the reduction ratio was changed in the wave
gear device shown in FIGS. 1 and 2. The solid-line curve A,
the dashed-dotted-line curve B, and the dashed-line curve C
represent load distribution curves of 100, 50, and 30, respec-
tively. FIG. 5 is a graph showing the ratio (%) of the load at the
long-axis position for each angular position relative to the
long axis, where in (a) the reduction ratio is 30 and in (b) the
reduction ratio is 100.

As can be understood from the drawings, when the reduc-
tion ratio is 100, the load peak occurs substantially in the
long-axis position. Furthermore, compared to the long-axis
position, the load is significantly reduced in positions corre-
sponding to the angular positions set apart from the long axis;
i.e., the angular positions from 35 to 40° where rollers 53, 54
and 55, 56 are arranged. By contrast, at a reduction ratio of 50
or 30, the load peak occurs at angular positions offset by 10 to
20° in the rotation direction relative to the long-axis position.
Therefore, no appreciable load difference occurs between the
long-axis position where rollers 51, 52 are arranged and the
position corresponding to the angular position where rollers
53, 54 and rollers 55, 56 are arranged, the load in the long-axis
position being only slightly larger.

In either case, for rotation in either direction, the average
load acting on rollers 51, 52 in the long-axis position is larger
than the average load at the positions of the other rollers 53
through 56, indicating that making the rollers 51, 52 in the
long-axis position larger than the remaining rollers 53-56 is
effective. Furthermore, in a case with a high reduction ratio of
100, the load peak occurred substantially at the long-axis
position, with the load at angular positions set apart from the
long-axis position being smaller, indicating that arranging the
larger rollers 51, 52 at the long-axis position and reducing the
size of the rollers 53 through 56 arranged in positions set off
the long-axis position was extremely effective in improving
the service life of the wave generator 4.

According to experiments performed by the present inven-
tors, in a wave gear device with a high reduction ratio, i.e., 80
or higher, the load peak occurred substantially in the long-
axis position, with the load at angular positions set off from
the long-axis position being smaller, confirming that arrang-
ing the larger rollers in the long-axis position and reducing the
size of the rollers arranged at positions set off from the long-
axis position was effective in improving the service life of the
wave generator.

Other Embodiments

The above example is a case in which a six-roller-type
wave generator is used on a cup-shaped wave gear device 6.
The present invention can also be similarly applied to a “silk-
hat-type” wave gear device provided with a silk-hat-shaped
flexible externally toothed gear. The present invention can
also be similarly applied to a “flat-type” wave gear device in
a configuration in which a cylindrical, flexible externally
toothed gear is located coaxially on the inner side of two rigid
internally toothed gears.

Furthermore, the present invention can also be similarly
applied to a roller-type wave generator provided with more
than six rollers. For example, the present invention can also be
applied to a wave generator with a total of ten rollers, pro-
vided with four pairs of rollers in addition to the single pair of
rollers on the long axis. In this case, the pair of rollers on the
long axis should be the largest, the two pairs of rollers located
on either side of the pair of first rollers being smaller than the
rollers on the long axis, and the remaining two pairs of rollers
located on either side of the second two pairs of rollers being
the smallest.
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The invention claimed is:
1. A wave generator for a wave gear device, which causes
to flex a flexible externally toothed gear in a predetermined
ellipse-like shape to partially mesh with a rigid internally
toothed gear, and moves meshing position of the both gears in
a circumferential direction in concert with rotation thereof,
whereby relative rotation corresponding to a difference in
number of teeth between the gears is occurred between the
gears, the wave generator comprising:
aplurality of rollers for contacting an inner periphery of the
flexible externally toothed gear and causing the flexible
externally toothed gear to flex into the ellipse-like shape;

the plurality of rollers including two first rollers arranged
on a long axis of the ellipse-like shape, two second
rollers arranged in positions not on the long axis, and
two third rollers arranged in positions not on the long
axis; and

the second rollers being arranged in a symmetrical position

in relation to a center of the ellipse-like shape, and
between the long axis and the short axis of the ellipse-
like shape;

the second rollers being positioned within an angular range

of'35 to 40 degrees from the long axis around the center
of the ellipse-like shape:

the third rollers being arranged in a linearly symmetrical

position in relation to the second rollers, with respect to
the long axis;

the second rollers and the third rollers being provided with

support bearings of the same size;

the first rollers being provided with support bearings hav-

ing a size and a dynamic load rating larger than those of
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the support bearings of the second rollers; and being
adapted to be used in a wave gear device having a reduc-
tion ratio of 80 or higher.

2. The wave generator for a wave gear device of claim 1,

5 wherein:
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the size of the support bearings of the first rollers and the
size of the support bearings of the second rollers are set
on the basis of a load acting on each of the rollers during
load operation of the wave gear device.

3. The wave generator for a wave gear device of claim 1,

wherein:

the sizes of the respective support bearings of the first,
second and third rollers, and positions of the first, second
and third rollers are set on the basis of a load acting on
each of therollers during load operation of the wave gear
device.

4. A wave gear device comprising:

a rigid internally toothed gear;

a flexible externally toothed gear arranged coaxially on an
inner side of the rigid internally toothed gear, the flexible
externally toothed gear being capable of flexing in a
radial direction; and

awave generator for causing the flexible externally toothed
gear to flex into an ellipse-like shape and the flexible
externally toothed gear to mesh with the rigid internally
toothed gear in a location on a long axis of the ellipse-
like shape;

wherein a reduction ratio of the wave gear device is 80 or
higher, and the wave generator is one as set forth in claim
1.



